Abstract The aim of the study is to determine the influence of area-level socio-economic status and healthcare access in addition to tumor hormone-receptor subtype on individual breast cancer stage, treatment, and mortality among Non-Hispanic (NH)-Black, NH-White, and Hispanic US adults. Analysis was based on 456,217 breast cancer patients in the SEER database from 2000 to 2010. Multilevel and multivariable-adjusted logistic and Cox proportional hazards regression analysis was conducted to account for clustering by SEER registry of diagnosis. NHBlack women had greater area-level access to healthcare resources compared with women of other races. For instance, the average numbers of oncology hospitals per million population in counties with NH-Black, NH-White, and Hispanic women were 8.1, 7.7, and 5.0 respectively; average numbers of medical doctors per million in counties with NH-Black, NH-White, and Hispanic women were 100.7, 854.0, and 866.3 respectively; and average number of Ob/Gyn in counties with NH-Black, NH-White, and Hispanic women was 155.6, 127.4, and 127.3, respectively (all p values \0.001). Regardless, NH-Black women (HR 1.39, 95 % CI 1.36-1.43) and Hispanic women (HR 1.05, 95 % CI 1.03-1.08) had significantly higher breast cancer mortality compared with NH-White women even after adjusting for hormone-receptor subtype, area-level socioeconomic status, and area-level healthcare access. In addition, lower county-level socio-economic status and healthcare access measures were significantly and independently associated with stage at presentation, surgery, and radiation treatment as well as mortality after adjusting for age, race/ethnicity, and HR subtype. Although breast cancer HR subtype is a strong, important, and consistent predictor of breast cancer outcomes, we still observed significant and independent influences of area-level SES and HCA on breast cancer outcomes that deserve further study and may be critical to eliminating breast cancer outcome disparities.
Introduction
Racial and socio-economic disparities in breast cancer outcomes have been well established for many decades [1] ; however, the survival gap between racial and socio-economic groups has remained intractable and widened over time [1] [2] [3] . To date, the causes of breast cancer outcome disparities have not been fully explained, and are likely multifactorial and pervasive across many levels including individual, community, provider, and health systems. The disparity is partly explained by differential access to highquality screening and healthcare resources [4, 5] , factors that operate at both individual and area levels and have been shown to influence stage at diagnosis and receipt of guideline-adherent treatment [6] , and therefore survival [7] . Underlying biological differences in breast cancer between Black and White women may also be an underlying cause of disparities in outcomes, particularly in mortality rates [8] [9] [10] , as Black women are more likely to be diagnosed with aggressive, hormone-receptor (HR)-negative subtypes [10] [11] [12] [13] [14] [15] [16] [17] .
Recent advances in molecular epidemiology provide evidence for racial differences in the aggressiveness and survival of breast cancer by HR subtype [8, 10] . When classified according to the presence or absence of tumor markers of estrogen receptor (ER), progesterone receptor (PR), and human epidermal receptor-2 (Her2), patients diagnosed with the HR-negative subtypes (ER-, PR-, and/or Her2-) experience the lowest survival rates compared with patients diagnosed with HR-positive (ER?, PR?, and/or Her2?) subtypes [10] . Furthermore, the association between SES and breast cancer incidence and survival varies by hormone-receptor subtype, with consistent associations in HR? subtypes but not HR-subtypes [18] . Nevertheless, the results of studies examining racial and SES disparities in breast cancer mortality have been somewhat inconsistent. Some studies report that adjusting for SES eliminates racial disparities in outcomes [19, 20] , while others find sustained racial differences even after accounting for SES [21, 22] . These differences may be due to inadequate consideration of HR subtypes in addition to upstream socio-economic and healthcare factors. Socioeconomic status has been shown to influence breast cancer survival outcomes when measured at both individual and area levels, with results consistently showing worse outcomes for patients with lower individual and/or area-level SES [7, 19, 23] . Fewer studies have examined other arealevel factors such as access to healthcare resources [4, 24, 25] , while most studies have focused on examining insurance status. However, area-level availability of healthcare resources likely plays a key role in breast cancer survival outcome through the receipt of timely and highquality treatment, which in turn influences survival. Poor availability of healthcare resources may complicate disease outcomes especially for patients with the fast growing and aggressive HR-subtypes, who are more likely to be Black women.
To date, very few studies have simultaneously examined the influence of area-level socio-economic status (SES) and healthcare access (HCA) in addition to HR subtype in predicting breast cancer outcomes, as well as examining if racial disparities in survival remain after accounting for both biological differences of tumors and socio-economic and healthcare access differences. This study aims to investigate the independent association of HR subtypes, area-level SES and healthcare access on stage, treatment, and survival disparities among NH-Black, NH-White, and Hispanic women diagnosed with breast cancer and represented in the SEER database.
Methods

Data source
Our analyses used data obtained from the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) database (November 2012 submission) linked with the Area Resource File. The study sample included Non-Hispanic (NH) white, NH-Black, and Hispanic women diagnosed with breast cancer between 2000 and 2010 in the SEER database. The SEER 18 populationbased dataset includes all breast cancer cases diagnosed in the following SEER cancer registries: Atlanta, Georgia; Connecticut; Detroit, Michigan; Hawaii; Iowa; New Mexico; San Francisco-Oakland, California; Seattle, Washington; Utah; Los Angeles, California; San JoseMonterey, California; Rural Georgia; Greater California; Kentucky; and New Jersey. SEER covers about 28 % of the U.S. population, although the regions included tend to be more urban and suburban compared with the general U.S. population.
Outcome variables
There were four primary outcome variables of interest in this study: (1) stage at diagnosis based on the SEER summary stage variable (excluding in situ cases) and classified as late stage (if regional or distant) or early stage (if localized); (2) surgical treatment given or not, regardless of reason; (3) radiation treatment given or not, regardless of reason; and (4) breast cancer survival.
Area-level availability of healthcare resources
County-level availability of healthcare resources was assessed based on variables in the 2004 Area Resource File (ARF), a publication of the U.S. Health Resources and Services Administration. The ARF is a collection of data on health resources at the county level assembled from multiple sources, detailed in http://ahrf.hrsa.gov. We based our assessment of county-level availability on the following variables for the year 2000: the proportion of the population insured, number of hospitals with oncology services per million people, number of physicians per million people, and number of obstetrician-gynecologist (Ob-Gyn) per million people. We included the percent of individuals with health insurance, as this may influence the concentration of hospitals, clinics, or medical personnel in particular neighborhoods. We included the percentage of Ob-Gyn per million, as this could serve as a proxy for overall access to women's health services. Multiple studies have discussed the geographic level at which it is best to measure area-level variables in order to reduce the likelihood of residual confounding in disparities research [26] [27] [28] [29] . We assessed healthcare resources at the county level because the decisions regarding community resources and infrastructure such as hospitals or clinics are often made at the county or municipal level.
Area-level socio-economic status
County-level SES was assessed based on the following variables for the year 2000: percent of adult population with less than a 9th grade education, percent of families living below the federal poverty level, proportion of the population unemployed, and proportion of the population that is African-American. We also designated each county as rural, urban non-metropolitan (areas with an urban population of \2500 not adjacent to a metropolitan area), or urban metropolitan (metropolitan areas or areas with urban populations \2500 adjacent to metropolitan areas) based on the United States Department of Agriculture classification scheme.
Breast cancer hormone-receptor subtype
The SEER program captures estrogen and progesterone receptor status information for breast cancer cases. Variable coding details of HR subtypes have been previously published [30] and are available on the SEER website (http://seer.cancer.gov/seerstat/databases/ssf/). In brief, tumors are classified as positive or negative for estrogen receptor (ER±) and progesterone receptor (PR±). Information on human epidermal receptor factor 2 (Her2±) was captured starting in 2010, and was not included in the current analysis. We further classified breast cancer hormone-receptor status into two subtypes (HR? or HR-) using the SEER dataset HR status recode variable; HR? if ER status recode or PR status recode were both positive, and HR-if ER status recode and PR status recode were both negative. We excluded all patients with unknown and borderline breast cancer subtypes (n = 76,078), corresponding to a total of 456,217 breast cancer patients used for statistical analyses.
Ethics and consent statement
This study was considered exempt by the Institutional Review Board at the University of Alabama at Birmingham, as the SEER database is a publicly available and nonidentifiable secondary data source.
Statistical analysis
We described the distribution of socio-demographic characteristics and access to healthcare resources by race/ethnicity using Chi-Square tests for categorical variables and ANOVA for continuous variables. We compared the estimated overall survival by HR status among NH-Black, NH-White, and Hispanic patients using Kaplan-Meier curves. We conducted consecutive multilevel regression modeling to examine the independent and joint associations between county-level SES, healthcare availability, and HR subtypes with each study outcome accounting for clustering by SEER registry of diagnosis. The HR subtype model included age, race/ethnicity, and HR subtype; the SES model included age, race/ethnicity, and SES; the HCA model included age, race/ethnicity, and HCA; and the fully adjusted model included age, race/ethnicity, HR subtype, SES, and HCA. To estimate the probability of breast cancer mortality by race, HR subtype, SES, and HCA, we fit Cox proportional hazards models with time-to-breast cancerrelated death as the outcome and censored patients at the time of death, or end of follow-up (December 2010). Since county-level variables (SES and availability of healthcare resources) were not normally distributed, we transformed these variables by dividing each by their population standard deviation. In addition, since 1 % increase in countylevel variables may not be clinically meaningful, we presented odds and hazard ratios in statistical models associated with standard deviation increases in county-level variables. That is, instead of presenting odds ratios associated with each 1 % increase in % families living below poverty, we presented the odds ratios associated with 1 SD increase in % families living below poverty. We used SAS version 9.4 for all statistical analyses. We considered p values B0.05 and confidence intervals excluding the null value (odds ratio or hazard ratio = 1.00) as statistically significant.
Results
We identified 456,217 female breast cancer cases over the 10-year observation period; most patients were NH-White (81.2 %), while 10.1 % were NH-Black, and 8.7 % were Hispanic women (Table 1) . NH-Black women had significantly lower breast cancer survival over the observation period compared with NH-White and Hispanic women, corresponding with the shortest length of follow-up time (46.1 months vs. 53.6 and 48.2 months, respectively; p value \0.001). NH-Black women had lower 5-year survival compared with women of other racial groups across all hormone-receptor (HR)-subtypes, including HR-positive subtypes (Fig. 1) . Compared with 17.1 % of NH-Whites, 33.0 % of NH-Blacks and 23.1 % of Hispanics were diagnosed with HR-breast cancer subtypes (p \ 0.001). NH-White women (34.8 %) were less likely to have a late-stage breast cancer diagnosis when compared with NH-Black (45.5 %) and Hispanic (42.5 %) women (p value \0.001). In addition, NH-Black women were less likely to receive surgery and radiation treatment (9.7 % did not receive surgery, and 53.2 % did not receive radiation) for their disease, compared with NH-White (4.9 % did not receive surgery, and 49.2 % did not receive radiation) and Hispanic (6.0 % did not receive surgery, and 51.7 % did not receive radiation) women (p value \0.001).
NH-Black women (mean # hospitals: 8.1) were more likely to reside in counties with a higher average number of oncology hospitals per million people compared with NHWhites (mean # hospitals: 7.7) and Hispanics (mean # hospitals: 5.0). NH-Black women (mean # doctors: 1000.7) were also more likely to live in counties with a higher average number of medical doctors per million people compared with NH-Whites (mean # doctors: 854.0) and 
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Discussion
In a large sample of racially diverse breast cancer patients in the SEER database, we examined the influence of arealevel SES, healthcare access, and HR subtypes on breast cancer stage at presentation, receipt of treatment, and survival and determined if racial disparities in breast cancer outcomes persisted after adjustment for these variables. Regardless of SES and healthcare access, diagnosis with HR-subtypes was associated with increased odds of latestage diagnosis, decreased odds of surgery and radiation therapy, and lower survival in all racial groups. However, our results demonstrate that although HR subtype is an important predictor of breast cancer outcome, there remains a small but important independent influence of area-level SES and healthcare access on outcomes that may be critical to eliminating breast cancer outcome disparities. We further observed that regardless of HR subtype, SES, or healthcare access, racial disparities remained in stage at diagnosis, surgery and radiation treatment, and survival, with larger differences among NH-Blacks compared with NH-Whites. The importance of HR subtype on stage at diagnosis, treatment, and survival has been well-documented [10] [11] [12] [13] [14] [15] [16] [17] . HR-negative tumors are known to be fast growing and highly aggressive, likely contributing to our finding of later stage at diagnosis for HR-negative compared with HRpositive subtypes in all racial groups. This association remained after adjusting for area-level factors, specifically SES and healthcare access, suggesting that the effect of the biologically aggressive HR-negative tumors subtype is a stronger predictor of later stage at diagnosis in patients than screening and timely diagnosis-factors closely related to SES and healthcare access. Previous work by our group has shown significant associations between area-level SES and HR? but not HR-breast cancers [18] , suggesting that SES measures may be more important as prognostic, rather than etiologic factors. Furthermore, we observed that patients of all races diagnosed with HR-negative subtypes were less likely to receive surgery and radiation compared with patients with HR-positive subtypes, even after adjusting for stage at presentation. It is well known that HR-positive breast tumors are more likely to respond to adjuvant hormonal therapy and aromatase inhibitors than HR-negative breast tumors. Considering that surgery, radiation, and chemotherapy are still the mainstay of treatment for most HR-negative breast tumors (apart from the HER2-positive subset), it appears that there may be serious gaps in receipt of appropriate treatment for HR-negative breast cancer. This is consistent with prior studies showing that a high proportion of breast cancer patients received non-guideline concordant treatment for breast cancer, likely explaining poorer survival outcomes especially among racial minorities [31] [32] [33] . Future studies will be needed to identify factors associated with receipt of adequate treatment among patients with HR-negative breast cancer subtypes. Additionally, diagnosis with HR-negative subtypes increased breast cancer mortality, independent of SES and healthcare access. The fatality of HR-negative breast cancer subtypes has been well-documented [10, 14, 15] , and our study adds to this line of research by providing evidence that accounting for SES and healthcare access does not attenuate the association. A large number of studies have examined the influence of SES, at both the individual and area level, on breast cancer outcomes [4, 5, 7, 9, 19, 21] , while a smaller number of studies have examined the influence of HCA on outcomes [4, 5] . However, very few studies have simultaneously accounted for HR subtypes, SES, and healthcare access at the area level. Since availability of and access to high-quality healthcare is a prerequisite for the receipt of routine screening, timely diagnostic work-up, and guideline-adherent treatment, the lack of consideration for healthcare access in many studies is a major limitation. Further, since access to high-quality healthcare is strongly linked to SES, there are likely racial barriers to healthcare access that mirrors the racial distribution of wealth and income in the US. In addition, beyond individual variables such as education, income, and health insurance, the geographic distribution of healthcare facilities and resources in the US likely contributes to disparities through other dimensions of healthcare access such as the logistics of transportation and travel time to specialty physicians, in addition to other barriers such as cost sharing and out-ofpocket costs [34] . However, inclusion of healthcare access in cancer outcomes research is complicated by the lack of consistent and systematic inclusion of the necessary variables in most cancer databases. Here, we defined healthcare access using a set of four variables that capture the availability of healthcare personnel and facilities at the county level. We observed that the indices for healthcare access (i.e., oncology hospitals, medical doctors, health insurance, and OB/GYNs) were highest for NH-Blacks compared with the other racial groups, although this may possibly be due to higher proportion of these facilities in urban centers. However, further research is needed to better understand healthcare availability and utilization patterns among racial minority groups, as this may have important implications for the interventions to improve the receipt of timely and adequate cancer treatment, as well as patient adherence to treatment.
Consistent with previous studies [11, 13] , we observed a higher prevalence of HR-negative subtypes of breast cancer among NH-Black women compared with NH-White and Hispanic women. Genetics and lifestyle risk factors likely account for this distribution, however, the specific mechanism leading to a higher prevalence of HR-negative subtypes among Black women remains unclear. Nevertheless, late-stage diagnosis, receipt of adequate treatment, and survival are downstream events that are likely influenced by both SES and healthcare access. For instance, previous studies have reported that non-White patients experience significant delays in diagnosis and treatment initiation, and are less likely to receive guideline-adherent treatment [35] [36] [37] , contributing to observed disparities in survival. However, these disparities are reduced among higher SES individuals [20] , suggesting that SES may act as a mediator of the race-breast cancer outcome relationship. Given that breast cancer diagnosis and treatment must be preceded by an interaction with the healthcare system facilities and personnel, we expected to find similar associations to SES with breast cancer stage, treatment, and survival. However, the lack of strong and consistent associations suggests that area-level availability of healthcare resources may be a poor proxy for utilization of healthcare resources. There is likely low utilization of existing healthcare resources among racial minorities due to individual (e.g., lack of health insurance, mistrust of healthcare professionals, fear of disease), structural (e.g., distance to facility and public safety), or cultural (belief in home remedies or misconceptions regarding surgery or chemotherapy) reasons. Improved understanding of health utilization patterns among racial minority groups may be critical to eliminating breast cancer outcome disparities, ensuring that all patients, especially those with HR-negative subtypes, receive timely and guideline-adherent diagnosis and treatment necessary for survival.
There are several strengths and limitations of the current study. Our analysis is strengthened through the use of the large SEER population-based database, limiting the likelihood of selection bias and increasing the likelihood of detecting statistically significant differences given the large sample size. Further, the assessment of healthcare access and SES using county-level information provided a unique source of data usually lacking in other large cancer databases. However, as has been reported previously, countylevel variables may not fully capture individual level variation in exposures, such as SES and HCA [38] . Nonetheless, since healthcare resources such as facilities and personnel are often allocated based on population size and geography, inclusion of county-level measures may provide a valid measure of healthcare resources available to individuals. Future studies including individual measures of SES and HCA will be highly valuable. Another limitation of this study is the lack of data on other individual level variables such as Her2 status, which was not publicly available at the time of this analysis, as well as other potential confounders such as chronic medical conditions or BMI, variables that may also influence breast cancer outcomes.
In summary, we found that breast cancer HR subtype remained an important predictor of stage at diagnosis, treatment, and survival among all racial groups after adjusting for area-level SES and healthcare access. However, the association between HCA and breast cancer outcomes after adjusting for HR subtype was inconsistent. Racial disparities remained after accounting for HR subtype, SES, and HCA. Further studies are needed to better understand the relationship between the availability and utilization of healthcare resources among cancer patients, as this is likely a highly modifiable factor that may be enhanced to improve breast cancer outcomes, especially among racial minorities. Acknowledgments Dr. Akinyemiju was supported by Grant U54 CA118948 from the NIH. Mr. Moore was supported by Grant R25 CA47888 from the National Cancer Institute. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Cancer Institute or the National Institutes of Health.
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